Background: This study aimed to evaluate the impact of diagnosis-related group (DRG) payments on health-care providers' behavior and the potential best course of action to make a profit under a DRG payment mechanism. Methods: This is a natural experiment study with a tertiary hospital-based dataset. Under a consecutive three-period (3 years) or 12-period (12 seasons) design, length of stay, medical cost with detailed items, the percentage of general anesthesia (GA), and the percentage of receiving additional operations were compared. Furthermore, the differences between negative-and positive-profit groups were also examined. Results: There was no difference in the length of stay and total medical cost after the launch of the DRG payment scheme. However, the percentage of additional operations increased significantly. In addition, there were reduced costs of radiological images and medication, a reduced percentage of GA, fewer patients undergoing additional operations, and a higher rate of complications or comorbidities in the "positiveprofit group." Conclusion: The introduction of DRG payment resulted in significantly reduced examination fee, slightly decreased medical costs without significant difference in several detailed items, a reduced number of GA cases without statistical significance, and more patients receiving additional operations. The possible solution to make a profit under the DRG payment scheme is to curtail the costs of radiological images and medication, lower GA percentage, perform fewer additional operations, and correct recording of complications or comorbidities.
Introduction
Taiwanese residents currently benefit from nationwide health-care coverage, which has been provided through the compulsory National Health Insurance (NHI) scheme since 1995. There are several advantages of this system, including easy accessibility without a referral system and low payments with a correspondingly high quality of health care. 1 In Taiwan, virtually all hospitals are under contract with the NHI, which provides reimbursement for nearly all medical fees. However, in response to burgeoning health-care expenditures, the Bureau of National Health Insurance (BNHI) was tasked to administer various policies, such as the global budget programs, case-payment system, and co-payment scheme. Although the global budget program was introduced to restrain the soaring levels of health-care expenditures, the payment system remained primarily a fee-for-service. The hospitals were thus encouraged to provide as much medical care as they could to compete for reimbursement within the fee-for-service mechanism under the global budget program. 2 Consequently, the diagnosis-related group (DRG) payment system was introduced in Taiwan in 2010.
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The DRG prospective payment system was developed in the United States and was initiated by the federal government within its Medicare program in 1983. 5, 6 Since then, several additional countries adopted the DRG system as part of their health-care systems. 7 The Taiwanese version of the DRG payment system was developed by the BNHI based on the 18 th version of DRG provided by the Centers for Medicare and Medicaid Services and was launched in 2010. DRGs are defined as a classification system that groups patients according to age, sex, principal diagnosis, type of treatment, surgery, discharge status, and the presence of complications or comorbidities. Under the prospective payment system, hospitals are paid a fixed fee for treating patients in a single DRG category, regardless of the actual cost. 8 By way of example, we analyzed the patients under one DRG classification of type I tympanoplasty because this surgery is generally considered a basic operation and is relatively common for each level of hospitals. 9 Health insurance or payment policies may affect a healthcare provider's behavior. 10 Previous studies have proposed that DRG payment has obvious influence on the medical service content, including the patients' length of hospital stay and the intensity of care. 11, 12 Most existing studies were designed as a comparison between a pregroup and a postgroup with equal study periods. 13, 14 However, there are few articles that have evaluated the effects of DRG payment during more than two consecutive periods. Therefore, the first goal of this study was to elucidate the effects of DRG payment on health-care providers' behaviors during a consecutive 3-year study period. Moreover, the DRG payment system shifts the financial responsibility from insurers to hospitals, and therefore, raises health-care providers' concerns regarding ongoing cost and profit. Accordingly, the second aim of this study was to discover an efficient method to enhance medical cost savings under the DRG payment system to optimize the profits of providers while also maintaining the functional work of hospitals.
Methods

Study population
This is a natural experiment study with a tertiary referral center-based dataset. We enrolled all the hospitalized patients who underwent a major surgical procedure as type I tympanoplasty in the Department of Otolaryngology, Taipei Veterans General Hospital from January 1, 2009, to December 31, 2011. We aimed to examine the impacts of DRG payment on healthcare providers' behaviors, and first we divided these patients into three periods, according to the launching of the Taiwanese DRG payment system on January 1, 2010. Patients who were identified from January 1, 2009, to December 31, 2009, were defined as the "pre-DRG year 1," group; from January 1, 2010, to December 31, 2010, were defined as the "post-DRG year 1" group; and from January 1, 2011, to December 31, 2011, as the "post-DRG year 2" group. Second, each year was further separated into four seasons to reform a 12-period (12 seasons) model to observe the subtle changes of smaller periods.
Moreover, to discover the points that are helpful to gain positive profit after the introduction of the DRG payment system, we aggregated the patients from January 1, 2010, to December 31, 2011, and divided them into the "negative-profit group" and the "positive-profit group" (negative profit means that the reimbursement from DRG is less than the medical cost; by contrast, "positive profit" indicates more payment than the actual medical fees). The study was approved by the Institutional Review Board of Taipei Veterans General Hospital (No. 2013-03-003E).
Variables of interest
We incorporated the length of hospital stay, total medical cost with seven detailed items (doctor visit fee, ward fee, examination fee, radiological images fee, treatment fee, medication fee, and pharmacist service fee), the percentage of general anesthesia (GA), and the percentage of the patients who received additional operations other than type I tympanoplasty in the analysis of the changes in health-care providers' behaviors in response to DRG payment. The aforementioned variables along with the percentage of the presence of complications or comorbidities were used in the comparison between the "negative-profit group" and the "positive-profit group."
In this study, we used the original "points" to present all medical fees. One point in Taiwan DRG equals different prices in different levels of hospitals, depending on the complexity of the patient's care. The more complex the surgeries and medical cases seen at the facility, the higher the price of one point. Because our hospital was a tertiary referral center, one point equals 0.8 New Taiwan Dollar (TWD), which is equal to US$0.0269.
Statistical analysis
SPSS version 17.0 was used for data management and statistical analysis. Univariate analyses were performed using a Student t test (for continuous variables) or the Chi-square or Fisher exact tests (for categorical variables); one-way analysis of variance and the post hoc test were used for the comparison of continuous variables in three (or 12) groups representing the consecutive 3-year (or 12-season) period. Multivariate analyses were performed using logistic regression, and linear regression analyses were used to obtain the b weights. Variance inflation factor (VIF) was used as an indicator of multicollinearity and a value of 10 had been recommended as the maximum level of VIF. A two-tailed p < 0.05 was considered statistically significant.
Results
During the 3-year (consecutive) study period, there were a total of 767 patients with the main operation of type I tympanoplasty performed at our institution. The pre-DRG year 1, post-DRG year 1, and post-DRG year 2 groups included 272 patients, 255 patients, and 240 patients, respectively. Among the negative-profit group, there were 168 patients. As for the positive-profit group, a total of 299 patients were enrolled. Table 1 shows the comparison between the three groups for the 3 consecutive years. First, the length of hospital stay had Table 1 Comparison of the length of stay, medical cost, and decision making in the three-period study groups before and after DRG introduction.
Variables
Pre-DRG year 1 (n ¼ 272) Post-DRG year 1 (n ¼ 255) Post-DRG year 2 (n ¼ 240) All factors exerted statistically significant effects on the profit issue in univariate analyses (Table 3) . Shortened length of stay (4.02 days ± 1.41 days in the positive-profit group vs. 5.86 days ± 2.2 days in the negative-profit group; p < 0.001), reduced costs of each of the seven detailed items, lowered percentage of GA (16.7% in the positive-profit group vs. 81% in the negative-profit group; p < 0.001), and fewer patients receiving additional operations (1.7% in the positive-profit group vs. 48.2% in the negative-profit group; p < 0.001) made the profit positive. However, the rate of complications or comorbidities was higher in the positiveprofit group (11.7% and 4.8% in the positive-profit group and negative-profit group, respectively; p ¼ 0.013). In multivariate analyses, profit was gained significantly by reducing the radiological images fee ( p < 0.001), reducing the medication fee ( p < 0.001), lowered percentage of GA ( p < 0.001), fewer patients receiving additional operations ( p < 0.001), and higher rates of complications or comorbidities ( p ¼ 0.002). Table 4 Nevertheless, Model 2 was reformed by excluding "length of stay," "doctor visit fee," "ward fee," and "pharmacist service fee," because the VIF value of these variables exceeded 10. There were only three evident b weights in Model 2, including anesthesia type of GA (b ¼ À8588.99; p < 0.001), additional operations (b ¼ À8758.05; p < 0.001), and complications or comorbidities (b ¼ 2430.22; p < 0.001).
Discussion
Since the implementation of DRG payment in the United States, hospitals face a marginal profit and tend to reduce the health-care resource. 15 These changes in the behaviors of health-care providers would be reflected by the medical service content. Hence, we examined the changes in the medical service content in three aspects, namely, the length of hospital stay, medical cost and the physician's decision making about the percentage of GA, and the percentage of patients who received additional operations other than type I tympanoplasty. For the sake of achieving a thorough understanding of resource utilization, we incorporated seven detailed items of medical cost into the analysis.
Previous studies, based on the experiences of various countries, have demonstrated that the DRG payment system results in a significant reduction in the length of hospital stay.
16e18 However, we found no significant changes in the length of hospital stay after the introduction of this system in our consecutive three-period study design. This means that health-care providers have maintained the standard course of hospitalization and have not given in to the temptation of reducing medical expenditure by discharging the patients early. A number of adverse events may be subsequently avoided.
Health-care intensity is evaluated mainly by the number of orders for medical services. 12, 19 Considering the different charge in each different order, we used total medical cost and its detailed content to represent health-care intensity. Existing reports regarding the impact of DRG payment on health-care intensity were inconclusive. Some articles indicated that health-care intensity was reduced under the DRG payment system, 12, 20 whereas other studies proposed no significant difference in health-care intensity. 12 In our study, the total medical cost had no significant decrease in the 3-year study period. However, with regard to each specific detailed item, we found a slightly decreasing trend without a significant difference on ward fee, radiological images fee, and medication fee. A possible explanation is that the DRG payment system did exert an influence in an insignificant way on health-care providers' behaviors, inclusive of reducing the medical cost by releasing more low-cost wards to save ward fee, arranging expensive temporal bone computed tomography at outpatient service before hospitalization to reduce radiological images fee, and prescribing high-priced advanced antibiotics in a separate hospitalization prior to the present hospitalization for surgery to avoid costly medication fee. It is particularly noteworthy that the fixed reimbursement of DRG payment is decreasing every year in accordance with the yearly reducing trend of several detailed items of medical cost, whether significant or not. This yearly subtle adjustment of payment by the BNHI seems to be helpful in containing costs.
Of the seven detailed items of medical cost, there was no statistical significance concerning the doctor visit fee, treatment fee, and pharmacist service fee. The dissimilarity between pharmacist service fee and medication fee is that the pharmacist service fee depicts only the number of orders of medication. However, the medication fee, which comprises not only the number of orders but also the sum of diverse charges for various orders, may give a more complete picture of the physician's behavior. Our study result may be explained with no obvious changes in the numbers of doctor visits, which are proportional to the length of stay, and no difference in the number of orders of medication in contrast to a slightly insignificant decrease of medication fee after DRG payment was made. The physicians also provide satisfactory treatments and postoperative care, such as suitable wound-dressing types, to the patients who received type I tympanoplasty.
Nevertheless, only the examination fee saw a significant decrease between the 4 th season of pre-DRG year 1 group and the 2 nd season of post-DRG year 2 group and between the 4 th season of pre-DRG year 1 group and the 3 rd season of post- Table 3 Comparison between the positive-and negative-profit groups after implementation of DRG using univariate and multivariate analyses. is produced by excluding "length of stay," "doctor visit fee," "ward fee," and "pharmacist service fee," because the variance inflation factor (VIF) value of these variables are over 10 and the VIF indicates multicollinearity).
DRG year 2 group in terms of the seven detailed items of medical cost. This represents an apparent decline of expensive examinations during the 2 nd year after the launch of DRG payment. Tables 1 and 2 indicate that examination fee accounts for a considerable portion of total medical cost and the examination fee could be managed by the physicians themselves. As a result, it is more efficient for health-care providers to reduce total medical cost by cutting down its substantial portion as examination fee.
Type I tympanoplasty has been generally considered a basic operation for chronic otitis media patients. 9 This procedure could be performed either under GA or under local anesthesia (LA) and the expense under GA is undoubtedly higher than that under LA due to an additional anesthesia fee. However, a study declared that tympanoplasty performed under GA, as opposed to LA, had significantly better results. 21 Our study result shows that GA was used lesser but without significant difference in the 3 consecutive years (45.6%, 40.4%, and 40.0%; p ¼ 0.350). This may imply that under the financial stress of DRG payment, physicians tend to choose LA in an insignificant way.
Unexpectedly, additional operations other than type I tympanoplasty were significantly more common in the consecutive 3-year model (13.6%, 16.5%, and 23.8%; p ¼ 0.009) and even in the 12-season model ( p ¼ 0.001). This may be due to the rapid development of patient-centered care in Taiwan and a misunderstanding of less disapproval and application rates in DRG payment cases.
The DRG payment system, which is designed for cost containment and improving hospital efficiency, 19 offers healthcare providers not only an opportunity but also an obligation to become acquainted with cost and profit. There are few studies talking over the profit issue under the DRG system. Therefore, this study is characteristic of comparing the two groups, negative profit or positive profit, to seek for the possible solution to gain the profit under the DRG payment system.
We found that reduced costs of radiological images and medication, lower percentage of GA, and less patients receiving additional operations made the profit positive. However, the rate of complications or comorbidities was unexpectedly higher in the positive-profit group (11.7%) than that in the "negative-profit group" (4.8%). This may reflect a higher set payment for those patients with complications or comorbidities under the DRG payment scheme and also reminds us of the importance of correct recording about the patients' illness as comorbidities and about hospital course to check if complications occur.
There are several limitations to our study. First, the major limitation is the relatively small or limited study populations. A nationwide or population-based dataset should be established. Second, this study did not include clinical characteristics and lacked propensity score matching and difference-indifferences design. Third, the study group of this article is based only on type I tympanoplasty patients, which may limit the generalizability of the findings to the other surgeries. Thus, a multidisciplinary study with a nationwide or populationbased dataset deserves to be developed.
During the consecutive 3-year study period, the implementation of DRG payment caused significantly reduced examination fee, slightly decreased medical costs in mostly detailed items but without significant difference, less GA cases without statistical significance, and more patients receiving additional operations. The possible solution to make a profit under DRG payment is to curtail the costs of radiological images and medication, to lower GA cases, to perform less additional operations, and correct recording of complications or comorbidities.
